of life, and thus, they are the most serious complication of osteoporosis, [4] imposing a heavy burden on the individual, family, society, and health-care system of China. [5, 6] The increase in the incidence of hip fractures in the elderly is due to decreased bone mass and bone quality. This results in a decrease in proximal femur strength and the increased occurrence of hip fractures despite low-energy injuries, such as lateral falls. [7] A growing number of studies have confirmed that hip bone density and geometry structure are two important determinants of proximal femoral bone strength. [8] [9] [10] [11] [12] Therefore, it is of great significance to study the geometric parameters of the hips of elderly patients with hip fractures. Some clinical studies have found that results of European and American studies are not entirely applicable to Asian or Chinese people, [13] [14] [15] showing differences in shape, size, and geometry in the proximal femur between racial groups. Current prosthesis selection in Chinese clinical practice is based on the results of foreign studies, such as the Nobel index of femoral medullary morphology. [16] Many other studies have focused on the morphology of hips in Caucasians, but corresponding studies in Asian populations are limited, particularly data on proximal femoral geometric parameters in Han Chinese. [16] Our study analyzed the geometric parameters of the hip in 198 patients with hip fractures compared to different types of hip fractures. Our goal was to provide evidence and guidance for selection and manufacture of clinical prostheses, as well as providing evidence for the accurate reconstruction of proximal femurs in Chinese hip fracture patients.
Methods

Ethical approval
This study was conducted in accordance with the Declaration of Helsinki and was approved by the Ethics Committee of The Third Hospital, Hebei Medical University.
Patients
From January 2017 to December 2017, 198 patients (44 males and 154 females, mean age ± standard deviation [SD] : 77 ± 7 years) with hip fractures were studied. Of the 198 cases of geriatric hip fracture patients, 101 patients had femoral neck fractures, and 97 patients had intertrochanteric fractures. Inclusion criteria were the following: (1) older than 65 years; (2) acute fresh femoral neck fractures and intertrochanteric fractures; (3) first unilateral fractures; (4) patients undergoing operative treatment; (5) patients with no thyroid or parathyroid disease in their medical history; (6) patients with no bone tumor or tumor-like diseases; (7) hip fractures caused by spontaneous falls on the ground; and (8) X-ray films of the pelvis and proximal femur before and after operation with standard posture. Exclusion criteria were the following: (1) second hip fracture; (2) bilateral hip fracture; (3) pathological fracture; (4) primary and secondary bone tumor disease, tumor-like disease, tuberculosis, chemotherapy, radiotherapy, and Paget's disease; (5) patients having a history of acute stroke and poliomyelitis; (6) patients having a history of anti-osteoporosis treatment; (7) multiple fractures; and (8) congenital dysplasia and deformity of the femur and pelvis.
The study sample was divided into the femoral neck fracture group (n = 101) and femoral intertrochanteric fracture group (n = 97) based on X-ray diagnostic criteria.
Measurement methods
The radiographic images of 198 patients with pelvic and bilateral hip joint pre-and post-operation were carefully reviewed by the hospital picture archiving and communication system and downloaded to a private computer in digital imaging and communication (DICOM) format. RadiAnt DICOM Viewer (Medixant Company, Poland) was used to measure the geometric morphological parameters of patients' images and was cross-referenced to the electronic medical records, including age, sex, site of fracture, surgical methods, and internal fixation materials.
Measurement parameters
The seven proximal femur geometric parameters of each patient, including the neck shaft angle (NSA), center edge angle (CEA), femoral head diameter (FHD), femoral neck diameter (FND), femoral neck axial length (FNAL), hip axial length (HAL), and femoral shaft diameter (FSD) were measured according to published guidelines in the literature. [17] Measurements were performed in triplicate by one person, and the mean of the three measurements was taken. The precision of our measurements is 0.001 mm for lengths and 0.01° for angles, respectively.
Measurement procedures
We measured the NSA by selecting the line through the center of the femoral head and neck on the standard pelvis or proximal femur as the anatomical axis of the femoral head and neck. In addition, the midpoint line of the line between the proximal end of the femoral shaft and the medial and lateral cortex of the femoral shaft was chosen as the anatomical axis of the proximal end of the femur. The medial intersection of these two lines is the NSA [ Figure 1 ]. The CEA is the angle between the line from the center of the femoral head to the outer edge of the acetabulum and the line through the vertical line of the femoral head [ Figure 2] . [18] The measurement method of FHD is an assumption that the femoral head is a circle on hip joint radiograph or pelvic radiography.
The maximum distance from the outer superior edge to the inner and inferior edge of the femoral head is defined as the FHD. The diameter of the femoral neck is defined as the shortest distance between the outer superior edge of the femoral neck and the lateral cortex of the medial and inferior margin. The proximal end of the femoral head-and-neck anatomic axis line extends to the apex of the femoral head, and the distal end extends to the lateral femoral cortex.
The junction of the lateral cortex of the femur and the apex of the femoral head with the anatomical axis of the femoral head and neck is defined as FNAL. The proximal end of FNAL extends to the medial point of the medial border of the pelvis, and the distance from this point to the lateral femoral cortex is defined as the HAL [ Figure 3 ]. To determine the diameter of the femoral shaft, we examined the femoral shaft in the two planes of the lower margin of the trochanter and the middle and upper segment of the shaft of the femur and then made a vertical line of the anatomical axis of the femoral shaft at the bottom edge of the trochanter, which extended 2 cm to the distal end of the shaft, as previously described. [19] The distance between the vertical line and the medial and lateral cortical intersections of femoral shaft is the diameter of femoral shaft [ Figure 4 ].
Statistical analysis
We used SPSS 22.0 software (IBM, USA) to analyze the data. For continuous variables, the Shapiro-Wilk test was used to determine the normal distribution. We used mean ± SD to express continuous variables. Student's t-test was used to compare continuous variables between patients with femoral neck fractures and patients with femoral intertrochanteric fractures. The Chi-squared test was used to classify categorical variables, and multiple logistic stepwise regression analysis was further used to determine the influence of hip geometry parameter on hip fracture type. Results were expressed by the odds ratio (OR), to the 95% confidence interval. P < 0.05 was considered statistically significant.
Results
The clinical characteristics of the two different types of hip fractures are shown in Table 1 . Geometric parameters of the hips in patients with femoral neck fractures and femoral trochanter fractures are shown in Table 2 .
The geometric parameters of the two groups were found to be significantly different in patients with different hip fractures (NSA, P < 0.001, CEA, P < 0.001, FND, P = 0.027, and FNAL, P < 0.001, respectively). The femoral neck fracture group had larger NSA, smaller CEA, wider FND, and shorter FNAL compared to those with intertrochanteric fractures. There was no significant difference in FHD, FSD, and HAL between the two groups (P = 0.807, 0.112, and 0.200 respectively), as shown in Table 2 .
Multiple logistic regression analysis of proximal geometric parameters is shown in Table 3 . The geometric parameters of the hips of patients with different hip fracture types were analyzed by multiple logistic regression analysis. The results show that greater NSA was the risk factor for femoral neck fractures (OR: 0.70, P < 0.001), and greater CEA was the risk factor for femoral intertrochanteric fractures (OR: 1.15, P < 0.001). Longer FNAL was the risk factor for femoral intertrochanteric fractures (OR: 1.17, P < 0.001), and greater FND was the protective factor of femoral intertrochanteric fractures (OR: 0.74, P < 0.001).
There was a significant difference in proximal femoral geometric parameters between sexes [ Table 4 ]. Males had larger FHD, FND, FSD, and longer HAL and FNAL compared to female patients. There was no difference in NSA, CEA, and patient age between the sexes.
dIscussIon
Neck shaft angle and hip fracture type NSA is a relatively independent geometric parameter of the proximal femur. In this study, the NSA in 198 patients was 134.85 ± 5.17°, consistent with other studies in Chinese samples. [20] The result of the average angle of NSA as measured by X-ray is 138.48°. [21] The range of NSA in Europeans and Americans was found to be 125-135° as reported by Peng, [22] which is slightly lower than that in our Chinese patients. This difference should be considered in the design and manufacture of prostheses in Chinese patients. In the current study, the average NSA of 101 patients with femoral neck fractures was 137.63 ± 4.56°, and the average NSA of 97 patients with intertrochanteric fractures of the femur was 132.07 ± 4.17°. The further study found that the patients with femoral neck fractures had larger NSAs than those with intertrochanteric fractures of the femur, consistent with other reports in the literature. [23, 24] Gnudi et al. [23] reported that patients with femoral neck fractures had larger NSAs compared to those with intertrochanteric fractures of the femur, leading to the suspicion that increased NSA is a major risk factor for hip fractures. Partanen et al. [24] also reported that patients with femoral neck fractures in the group had a larger NSA than patients with intertrochanteric fractures. In the current study, multiple logistic regression analysis showed that femoral NSA was a risk factor for femoral neck fractures (OR: 0.70, P < 0.001). New research suggests that NSA may be a risk factor for hip fracture types. [18] Patients with femoral neck fractures have larger NSAs than patients with intertrochanteric fractures. [25] The reason may be because the NSA continues to change in adults, even after the bone is fully developed, along with age, physical exercise, and long-term weight-bearing. Bone remodeling at the proximal end of the femur may eventually lead to a decrease in NSA. This study also supports the fact that patients with intertrochanteric fractures are older than patients with femoral neck fractures.
The NSA increases the range of movement of the lower extremities and conveys trunk strength to the wider base of femoral neck. Restoration of normal NSA is vital for treatment of hip fractures and evaluation of anatomical reduction quality of hip fractures and also of great importance to restoration of normal offset of hip joints and equal lengths of lower extremities. Thus, construction of normal biomechanical environment of the hip has very important clinical significance for hip surgery. The current study can guide the accurate reconstruction of proximal femurs and has very important clinical significance for making individualized prosthesis design in accordance with the Chinese population.
Center edge angle and the type of hip fracture
CEA, also known as the central margin angle, was proposed by Wiberg [26] to evaluate the stability of the hip joint. In the current study, we found that patients with intertrochanteric fractures had larger CEA values than those with femoral neck fractures. Patients with intertrochanteric fractures tend to have more pointed and longer osteophytes compared to those with femoral neck fractures, which can lead to an increased CEA on radiographs of the pelvis or hip joint. Previous studies have confirmed that patients with intertrochanteric fractures have narrower joint spaces and more severe hip osteoarthritis than those with femoral neck fractures. Studies have shown a significant correlation between hip osteoarthritis and hip fracture types. The size of the osteophyte is an indicator of the severity of hip osteoarthritis. In the occurrence of hip fractures, studies have confirmed that the occurrence of femoral neck fractures is caused by the impact of a fall on the outer upper cortex of the femoral neck and the posterior edge of the acetabulum. [18] As osteophyte proliferation of the posterior edge of the acetabulum is more obvious in the patients with intertrochanteric fracture of the femur, the point of the impact between the posterior edge of the acetabulum and the posterior edge of the femoral neck will be closer to the intertrochanteric area of the femur during the same fall. This may explain the greater incidence of an intertrochanteric fracture over a femoral neck fracture during the same fall. Thus, the data suggest that CEA is a major risk factor for intertrochanteric fractures of the femur. CEA is an index used to evaluate hip joint stability. Different types of hip fracture patients have different CEAs, which can be used to guide preoperative planning and accurate reconstruction of acetabular abduction angles.
Femoral head diameter and hip fracture type
In the current study, the male femoral head on average is larger than that of the female, consistent with the results of Pi et al., [27] who also reported that male femoral heads were larger than female femoral heads. This could be due to body mass in men, which would call for greater femoral head size to support the higher weight and need for hip stability. Studies have shown that the diameter of the femoral head in the Chinese population is smaller than that in Western Caucasians. Therefore, the size of hip prostheses or implants should take into account ethnic and gender differences between the Chinese and Western Caucasians.
Femoral neck diameter and hip fracture types
In the current study, the femoral intertrochanteric fracture group had a smaller FND. We suspect that this may be associated with reduced cortical bone thickness in the femoral neck area, as patients with intertrochanteric fractures have more severe osteoporosis and lower bone mass, as manifested in the femoral neck area. The thickness of cortical bone was decreased, and the internal cortical bone appeared loose and porous. Moreover, the femoral neck is a special anatomical region that lacks the periosteum. With age, osteogenesis effect of the periosteum in the femoral neck is reduced and becomes weaker. Multiple logistic regression analysis found that FND was the protective factor of intertrochanteric fractures, and the increase in FND could reduce the occurrence of intertrochanteric fracture.
Johannesdottir et al. [28] found that the thickness of the lower cortex of the femoral neck rarely changes and that the thickness of the cortex above the femoral neck plays a more important role in the weakening of the bone strength of the femoral neck. Previous studies [29, 30] have found that the thickness of the subquadrant bone cortex of the femoral neck does not change with age, but the thickness of the upper quadrant becomes thinner with age. However, when the lateral fall occurs, the thinner upper quadrant bone cortex will bear a large impact, which can lead to fracture.
In our study, men had greater FNDs than women, which might explain why women have a higher incidence of hip fractures. The cortical thickness of the femoral neck, especially in the anterior superior quadrant, is an independent predictor of fracture risk or specifically a predictor for resisting femoral neck fracture. [28] With age, the area covered by the periosteum will increase bone formation. The increase in the outer diameter of the present bone compensates for reduced bone strength, especially in men. [31, 32] The FND is an important morphological parameter in the internal fixation of the proximal femur fracture and the replacement of the hip joint. The diameter of the femoral neck also has important clinical references for the selection of the type of internal fixation screws, the number (such as three or four hollow compression screws), and the direction of the puncture.
Femoral neck axial length and hip fracture types
Patients with femoral intertrochanteric fractures had higher FNAL than those with femoral neck fractures. This is consistent with Lu et al., [33] who found that the FNAL of patients with intertrochanteric fractures of the femur was 90.68 mm compared to the femoral neck fracture group (88.64 mm). From the biomechanical point of view, the longer axis of the femoral neck causes the greater trochanter of the femur to protrude more, and thus, the possibility of intertrochanteric fracture increases when an external force impacts the femoral trochanter. The long axial length of femoral neck and the high risk of proximal femoral fractures have been recognized by most scholars.
FNAL is an important morphological parameter in the internal fixation of proximal femoral fractures and hip arthroplasty. Restoration of normal FNAL before fracture has important clinical significance for accurate restoration of normal hip geometry parameters and can be beneficial for better hip function.
Hip axial length and hip fracture types
From the definition, it can be concluded that the HAL is greater than the FNAL with the hip joint space and the thickness of the acetabular wall. Taken together with the results of the FNAL, the patients with intertrochanteric femur fractures have a narrower hip joint space than those with femoral neck fractures, which will lead to the reduction of HAL in patients in the intertrochanteric fracture group. We did not find a relationship between HAL and hip fracture type in this study. A previous study found that HAL can be independent of age and bone mineral density as a single predictor of femoral neck fracture. [34] Chin et al. [35] confirmed that the HAL of Chinese women was significantly lower than that of European women and concluded that the low incidence of hip fractures in Chinese women may be due to shorter HALs.
Femoral shaft diameter and type of hip fracture
The FSD in patients with intertrochanteric fracture was higher than that in patients with femoral neck fractures. However, there was no significant statistical difference between the two groups (P = 0.112). Multiple logistic regression analysis showed no correlation between FSD and hip fracture type (P = 0. 709).
There was no difference in FSD between intertrochanteric and femoral neck fracture patients. However, FSD was greater in male patients (P < 0.001), suggesting that a larger FSD leads to stronger bones in men. This is consistent with the trend that women have lower femur bone strength and higher hip fracture rates compared to men. Studies have shown that the FSD increases compensatively with age due to the osteogenesis of the periosteum, thus reducing the weakening of bone strength due to the decline in bone mass, which appears to be more evident in men. [36, 37] There were some limitations in our study. First, the sample was small, and it was mainly because of the strict inclusion and exclusion criteria. Second, this study was a retrospective research study, and as such, retrospective bias was inevitable. Future studies should expand the sample size and carry out a randomized, controlled prospective study to further clarify the differences in the geometric morphological parameters and risk factors of the proximal femur in two different types of elderly patients with hip fractures.
In conclusion, there were differences in hip-geometric morphological parameters and risk factors between elderly Chinese patients with femoral neck fractures and intertrochanteric fractures. NSA was the major risk factor for femoral neck fractures, while CEA and FNAL were the major risk factors for intertrochanteric fractures. The FND was found to be the major protective factor for intertrochanteric fractures. The results suggest that the geometric parameters of the hip may play an important role in the occurrence and type of hip fractures. Therefore, the differences of geometric morphological parameters of proximal femurs of different hip fractures and different sexes should be considered in the selection of prostheses during fracture internal fixation and hip replacement. These data can provide guidance for the design of individualized customized prostheses and provide the evidence for accurate reconstruction of proximal femurs for elderly Chinese hip fracture patients.
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